One hundred and thirteen morbidly obese patients underwent bariatric surgery. Mean preoperative percentage above ideal weight was 98.3% (SD 30.0%). Mean percentage above ideal weight eighteen months after operation was 19.5% (SD 23.8%). Fifteen patients (13.3%) required pre-operative weight loss because of respiratory dysfunction and raised PaC02. One patient developed asthma in the postoperative period. There were no other clinical postoperative respiratory complications. 40% of patients however did show radiological evidence of basal pulmonary atelectasis on the initial postoperative chest X-ray. All patients had pre-operative cardiological screening: there were no cardiac complications except one case of atrial fibrillation. One patient suffered a proven pulmonary embolus and recovered. Six patients (5.3%) required correction of a pre-operative potassium deficit. No episode of gastric acid aspiration syndrome occurred. 58% of patients presenting for obesity surgery had identifiable psychopathology. Despite strict pre-operative psychiatric screening, 15% of patients coming to operation required postoperative psychiatric management.
years (limits extended if specific medical problems exacerbated by obesity, were present). Mean percentage over ideal weight 18 months after operation was 19.5OJo (SD 23.8OJo).
Morbidly obese patients are high risk surgical and anaesthetic candidates. 5 ,6 A number of pathophysiological problems inherent in the morbidly obese have to be continually considered and dealt with when planning safe anaesthetic and operative management of these patients.
MANAGEMENT PROBLEMS

Pulmonary dysfunction
During even quiet ventilation, there is "From barys (Greek) = weight, heavy. considerable pulmonary dysfunction in the morbidly obese. The increased body mass even at a normal basal metabolic rate generates an increased oxygen consumption and carbon dioxide production, so requiring increased alveolar ventilation at rest. 7 Thus the work of respiration may be increased by a factor of two to three,8 and oxygen cost of respiration may be increased by a factor of four to sixteen,5 depending upon the degree of obesity present.
Abdominal fat pushes the diaphragm cephalad and the mass of fat on the chest wall adds to compression so that chest wall compliance is decreased especially in the supine position. Fatty infiltration of the diaphragm and intercostal muscles may decrease respiratory muscle efficiency. 9 These factors reduce lung volume and due to collapse of alveoli, pulmonary compliance is decreased. IQ The decrease in total compliance and decreased lung volume causes a reduction in functional residual capacity (FRC) and total lung capacity(TLC). 11 If FRC falls below the closing capacity (the volume at which small airways close) premature airway closure will occur leading to ventilation/per fusion mismatch and arterial hypoxaemia. The supine and head down (Trendelenberg) position, abdominal retraction, and abdominal packs may all exacerbate this phenomenon. 12 Paradoxically excessive head up (reversed Trendelenberg) position may lead to a decrease in venous return and a decrease in cardiac output so adding to venous admixture and hypoxia. 13 In obese patients PEEP has been found to be unreliable in improving oxygenation because of a resulting fall in cardiac output. 14 Morbidly obese patients especially those who have been inadequately prepared pre-operatively, may ventilate well immediately postoperatively but because of lack of respiratory reserve, decompensate with increasing rapidity as respiration becomes more inefficient. 15 In such patients delay in providing respiratory support by mechanical ventilation can be fatal.
Respiratory dysfunction is thus of major concern in the surgical and anaesthetic management of the morbidly obese. With careful pre-operative evaluation (by at least respiratory function tests and blood gas estimations), adequate pre-operative preparation, and meticulous postoperative management, respiratory complications can be kept to a minimum. A raised PaC02 in grossly obese individuals is an indication for preoperative weight loss by inhospital dieting or even maxillomandibular fixation (MMF) by jaw wiring 16 until respiratory function and blood gases (in particular PaC02) approach normal. Even so such individuals must be monitored carefully postoperatively and respiratory support used early if there is any evidence of respiratory insufficiency.
Severe asthma, smoking, and chronic respiratory disease constitute relative contraindications to surgery in the morbidly obese. Any history of asthma indicates the need for a methacholine stimulation test in addition to the usual respiratory function tests.17 Asthma postoperatively can be very difficult to manage in the morbidly obese. Great emphasis must be placed on pre-and postoperative respiratory physiotherapy, incentive spirometry, and very early ambulation (on the day of operation) if respiratory complications are to be avoided.
Fifteen (13.3070 ) of our 113 patients required pre-operative weight loss because of respiratory dysfunction and raised PaC02. In five, weight loss could only be achieved by MMF using interdental jaw wiring. All 113 patients were extubated at the end of the operative procedure except for two who required respiratory support with a ventilator for 12 to 18 hours postoperatively. Both were massively obese (i.e. body weight greater than 200% above ideal) and had required pre-operative weight loss to achieve a normal PaC02. One of these patients was extubated after recovery but was reintubated when respiratory insufficiency became evident in the recovery room.
All patients excluding the two who required ventilatory support were fully ambulated four hours after recovery from anaesthesia. Following initial ambulation all patients were fully ambulated at least five to six times per day and the recumbent and supine positions were avoided. Once ambulated, the patients required minimal postoperative analgesia which was achieved with intravenous pethidine as a bolus dose. Narcotic infusions were not used.
Except for one patient who developed asthma postoperatively (prior to routine use of methacholine testing) there were no other clinical pulmonary complications. Forty-five patients (40070) did show radiological evidence of basal pulmonary atelectasis on routine postoperative chest X-rays, usually on the left side on the first or second postoperative day. However this cleared radiologically in all patients by the third or fourth postoperative day and all patients had a clear chest X-ray prior to discharge.
Mean values for pre-operative and postoperative (12 hours after operation) arterial blood gas levels (breathing room air) and haemoglobin estimations are shown in Table 1 .
While no significant change in PaC02 or haemoglobin was observed, significant changes in pH, P a o 2 , bicarbonate, base excess and oxygen saturation did occur.
Cardiovascular dysfunction
Even at rest there is physiological strain on the cardiovascular system of the morbidly obese. Total blood volume increases with weight gain l8 and in the grossly obese, blood volume and blood flow can double to provide adequate circulation to the adipose tissue. 19 Approximately 20% of blood volume is located in the pulmonary circulation, 15 and this remains constant in obesity producing a state of chronic pulmonary congestion. Cardiac output is increased to cope with increased blood volume. 20 Right ventricular work is increased by increased central pulmonary blood volume and this is added to by chronic lung disease and heavy smoking if present. Left ventricular work is increased by the enlarged peripheral blood volume and the frequently present systemic hypertension. Average resting left ventricular end diastolic pressure (L VEDP) is high in obese patients,21.18 and this chronic increase in afterload, causes a rise in total myocardial oxygen demand, which a morbidly obese patient may have difficulty supplying.
Biventricular cardiac hypertrophy exists in many morbidly obese patients, 13 and cardiac failure may be present although difficult to diagnose clinically. In the uncommon obese hypoventilation or Pickwickian syndrome,22 with its associated cor pulmonale,23 cardiac hypertrophy is usually present associated with chronic hypercarbia, hypoxia and excessive lethargy. 15 Atherosclerotic coronary artery disease is more common in the morbidly obese especially those greater than 50 years of age and with a family history of coronary artery disease. 24 All 113 patients in this series had preoperative cardiological screening. Congestive cardiac failure was controlled usually by preoperative weight loss and/or an appropriate drug regimen (diuretics, digoxin, antihypertensives, etc.). Significent coronary artery disease (demonstrated by stress-testing and twelve-lead ECG if necessary) was regarded as a contraindication to bariatric surgery. All patients had intraoperative and 24-hour postoperative ECG monitoring. A number of patients showed premature ectopic beats during the monitoring period. One patient developed atrial fibrillation reverting spontaneously to sinus rhythm.
Metabolic changes and thromboembolic disease
The morbidly obese patient has vast stores of triglycerides in the liver and in adipocytes throughout the body. Whenever glucose is unavailable and body glycogen stores used up, fat is mobilised for energy expenditure. Such mobilisation is potentiated by operative trauma and its associated catecholamine and glucocorticoid release. Hydrolysis of triglycerides releases fatty acids and glycerol. Fatty acids are normally adsorbed to albumin. Free fatty acids can be toxic. 15 Serum free fatty acids have been demonstrated to rise after gastric bypass when no glucose was administered intravenously, and to fall after administration of glucose and glucose plus insulin. 25 The addition of long-chain free fatty acids to blood in physiological concentrations has been demonstrated to cause a decrease in thrombus formation time,26 and an inverse relationship has been demonstrated between free fatty acid concentrations and clot formation time. 25 Free fatty acids cause activation of the Hageman factor and adsorb to platelets causing platelet agglutination. 26 They have therefore the potential to initiate intravascular clotting and may be an important factor in the reportedly high incidence of thromboembolic disease and death from pulmonary embolism in the morbidly obese. This becomes of some significance clinically when it is observed that heparin, the standard initial treatment in thromboembolic disease, may cause an increase in free fatty acid levels and has been demonstrated to cause a marked rise in free fatty acids in diabetic patients. 27 Excess free fatty acids can also produce cardiac arrhythmias and impair myocardial contractility so exacerbating cardiac dysfunction, and fatty acids can interfere with the production of surfactant and so impair pulmonary function. 25 A pre-operative coagulation profile was carried out on each patient in our series and no female patient was accepted unless she had suspended her oral contraceptive intake for at least two complete cycles. No patient was accepted until at least nine months post partum. Low-dose heparin was administered throughout the whole hospital stay. TED (Kendall [Aust] North Ryde, NSW) compression stockings were fitted on admission and worn until discharge. Intermittent compression pneumatic leg cuffs were fitted over the TED stockings in the operating theatre ( Figure 2 ) and early ambulation (on the day of operation) was insisted upon.
One patient had a clincial pulmonary embolus confirmed on lung scan. Complete recovery occurred. There was no other clinical thromboembolic episodes although lung scans and screening of the lower limbs for thrombi were not carried out routinely.
Thromboembolic disease remains an ever-present hazard in the morbidly obese despite stringent and detailed prophylactic measures. The role of free fatty acids in the aetiology of thromboembolic disease is disputed by some. However, enough evidence exists implicating free fatty acids as a factor inducing thrombosis in the morbidly obese,25,26,27 to justify taking simple measures (viz. avoiding starvationinduced lipolysis by supplying glucose in all intravenous fluids), in an effort to keep the free fatty acid levels as low as possible. The only patient in our series of 113 to have a proven thromboembolic episode had high levels of free fatty acids postoperatively (1075 micromolllitre, mean of all patients 607 micromolllitre with a standard deviation of 247.9). An alarming development in this patient was the occurrence of an internal jugular vein thrombosis around the central venous catheter while fully heparinised. If heparin induces a significant rise in free fatty acids and these are a factor in the development of thromboembolic disease in the morbidly obese, it may be advisable to use coumarin-type anticoagulants ab initio in the treatment of thromboembolic disease in such patients.
Hypokalemia
Many morbidly obese patients coming to operation will have had their pre-existing hypertension treated for prolonged periods by diuretics. Such patients may have a reduction in plasma volume and a depletion in total body potassium. 28 The latter may have a consequent effect on peripheral nerve conduction and the activity of neuromuscular blocking agents,29 and also on contractility and conduction of the myocardium, rendering the heart more prone to digitalis intoxication and arrhythmias. 30 A small decrease in serum potassium may represent a large deficit in total body potassium. 31 Six patients (5.3%) who had had diuretics for hypertension required pre-operative supplemental potassium to correct potassium deficits.
Securing a patent airway
This can be difficult when a morbidly obese over-inflated chest and a short almost nonexistent neck make adequate visualisation of the larynx virtually impossible. 1 wiring in an effort to achieve pre-operative weight loss may cause a decrease in the range of temporomandibular jaw movement also making intubation difficult,32 although this problem was not encountered in any of our five patients who had had jaw-wiring. All 113 patients were intubated using a rapid technique with cricoid pressure. A Kessell laryngoscope blade* was used if necessry in the massively obese to avoid the handle of the instrument impinging on the presternal fat pad during insertion (Figure 1 ). Anaesthetic technique consisted of preoxygenation, induction with thiopentone, intubation using suxamethonium, and maintenance was with balanced nitrous oxide/ oxygen (Fj02>0.5)/narcotic/m uscle relaxant technique with the addition of inhalational agents (halothane and enflurane) as necessary.
Aspiration of gastric contents
Morbidly obese patients have an increased volume of gastric secretion with a low pHY They also have an increased incidence of hiatus hernia 28 and oesophageal reflux which, together with the raised intra-abdominal pressure due to obesity, exposes them to the risk of gastric acid aspiration syndrome. 34 . 35 Cimetidine 200 mg was routinely administered intravenously with the premedication and during the intraoperative and immediate postoperative period. This drug has been shown to cause a rise in pH and a fall *Penlon UK.
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Securing adequate intravenous access
Placing an adequate intravenous cannula in an upper extremity vein can be very difficult and sometimes impossible in morbidly obese patients. Placing a central catheter in the subclavian or jugular veins can also be difficult due to the obscuring of bony and other landmarks by obesity. A central venous catheter was inserted routinely at least 24 hours pre-operatively in all of our patients. Intravenous glucose was administered from insertion to avoid total starvation in an effort to keep serum free fatty acid levels normal. In 68 patients (60070) percutaneous infraclavicular subclavian vein catheterisation was performed. In 45 patients (40070) because of gross obesity and absence of bony landmarks, the percutaneous approach was not successful and a Hickman central venous catheter (Evermed Lab., Seattle, USA) was inserted via a cutdown on the right internal jugular vein.
Monitoring of systolic and diastolic blood pressure
Diastolic blood pressure should be monitored as well as systolic as it enables assessment of coronary artery per fusion pressure,37 and pulse pressure changes or trends are useful in assessing intravascular volume status. 13 Monitoring may be impossible by sphygmomanometer and wide cuff since the Korotkoff sounds may be difficult or impossible to hear in the morbidly obese. In all of our patients an intra-arterial cannula was routinely inserted in a radial artery (after carrying out the Allen test) so that systolic and diastolic blood pressure monitoring could be performed and blood obtained for blood gas estimations. The arterial cannula was removed at the completion of the operation in the recovery room.
Positioning morbidly obese patient on the operating table
The patient's bulk may provide problems in correct positioning for operation. Sliding may occur if the anti-Trendelenberg position is to be used and the arms may need to be suspended or held on wedges to allow adequate access. Patients were routinely anaesthetised on the operating table so avoiding lifting a grossly obese patient. A large footplate was put in place to which the feet were strapped in order to prevent sliding in the steep head-up position used during the operative procedure. The arms were placed on large foam wedges so that they were accessible to the anaesthetist for monitoring purposes, and out of the way of the surgical team, thus providing good upper abdominal access (Figure 2 ). Adhesive foam pads were placed on the patient to protect skin likely to contact the metal of the operating table or retractor. A Gomez self-retaining Pilling retractor (N. Stenning & Co., Camperdown, NSW) was used. The anaesthetist routinely inserted gastric bougies for measuring the size of the gastroplasty stoma. The size of the proximal gastric pouch was measured via a water manometer attached to a nasogastric tube inserted by the anaesthetist. At the completion of the gastric restrictive procedure air was insufflated via a nasogastric tube with the upper abdomen filled with normal saline to check for staple line leaks.
Wound infection
There is a high incidence of wound infection in morbidly obese patients undergoing surgery for their obesity varying from 6070 38 to 30%.39 This high incidence is probably due to collections of 
Intramuscular injections
These are almost impossible to administer in the morbidly obese and, when attempted, the drug is usually delivered to a subcutaneous site. If subcutaneous administration is inadvisable, intravenous administration is preferable to the intramuscular route.
Fluid balance
While morbidly obese patients require more intravenous fluid volume administration than their lean counterparts, over-replacement can exacerbate cardiopulmonary dysfunction. In this series of patients sufficient fluid was administered during the operative period to satisfy the technique of 'sustained hydration' , 41, 42 and this fluid replacement was assessed by hourly urine output and urinary specific gravity (measured by an indwelling catheter), together with repeated measurements of central venous pressure. This provided adequate monitoring of fluid replacement in our patients, although others advise monitoring of intracardiac pressures with a Swan Ganz pulmonary artery catheter. 13 Blood transfusion was required on four occasions (3.5%) because of haemostatic difficulties with the short gastric vessels in the gastrosplenic ligament.
Psychopathology
Severe psychosis, lack of motivation, and severe situational stress are relative contraindications to elective bariatric surgery.
Minor psychopathology is common in morbidly obese patients. All patients should have a psychiatric clearance by a medically oriented liason psychiatrist familiar with morbid obesity. Psychological counselling and strong reassurance by both nursing and medical staff are also necessary as these patients are extremely anxious, self-conscious and often have feelings of inferiority and worthlessness. Of 153 patients presenting for gastric restrictive sur g e r y 8 8 ( 5 8 070 ) had i den t i f i a b I e psychopathology. Of the 113 patients who had a bariatric procedure carried out 17 (15070) required postoperative psychiatric management. CONCLUSION While morbidly obese patients are high-risk anaesthetic and surgical candidates, careful pre-operative evaluation and preparation to achieve an optimal medical condition prior to surgery can reduce these risks to acceptable levels. The pathophysiological changes associated with morbid obesity, in particular cardiorespiratory dysfunction and thromboembolic disease, make meticulous preand postoperative prophylactic measures to control these complications, essential in any management protocol for surgery of the morbidly obese.
